
Europtlsches Patentamt 
European Patent Office 
Office europtfen das brevets 


© Publication number: 


0 258 780 J J 

A2 


A. 

I 


EUROPEAN PATENT APPLICATION 


© Application number 87112279-2 
© Oata of filing: 2S.Q&87 


© int ci. 4 : C08G 63/66 , C08G 63/64 , 
A61K 9/22 


® Priorrty: 06-09-38 US 903801 
05.09-88 US 903797 

© Data of publication of application: 
09.0OS8 Bulletin 88TI0 

© Deaignated Contracting States: 

AT BE CX DE ES FR 08 OR fT U LU NL SE 


© Applicant AMERICAN CYAN AM ID COMPANY 
1937 Weat Main Street P.O. Box 60 
Stamford Connecticut 06904-0060(US) 

© Inventor Caaey, Donald James 
9 Revere Place 

Rldgefletd Connecticut 08877(US) 

Inventor: Roaati, Louts 

183 Sunrise Hill Road 

NorwaJk Connecticut 06851 (US) 

Inventor Jarrett Peter Kendrfck 

24 Chetffeld Drive 

Trumbull Connecticut 06611 (US) 

© Representative: Wfcchtersniuser, GUnter, Dr. 
Tal29 

D-6000 Ml^cnen 2(DE) 


00 
00 

u» 

CM 


© Poryestsrs containing alkylene oxide blocks as drug delivery systems. 

© The invention is an ABA or AB block copolymer as a well as alow release drug delivery system comprising a 
drug and the ABA or AB block copolymer wherein one block (B) is a poly (aJkylene oxide) and the other blocks 
(A) are comprised ol degradable random copolymers of O) the cyclic ester ol an alpha-hydroxy acid and (2) a 
second cyclic ester monomer with the proviso that the second cyclic ester monomer is not the same as the first 
cyclic ester. 
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POLYESTERS CONTAJN1NG AUCYLENE OXIDE BLOCKS AND THBfl USE AS DRUG DgJVCTY SYSTB*3 


Background and Summary of the Invention 

The invention relate* to dibkxk and triblock copolymers. The diblock copolymer or AB block polymer 
5 has a first block comprising a poryaikylene oxide and a second block consisting essentiaJly of grycollc acd 
ester and trimethylene carbonate linkages. 

The triblock copolymer or ABA block copolymer has a middle block obtained by removing both terminal 
hydroxy! hydrogens from either a homopolymer of ethylene oxide, or from a copolymer of ethylene oxide 
and a cyclic ether. Alternatively, the triblock copolymer has a middle block obtained by removing both 
ro terminal hydroxyl hydrogen from a copolymer of a first cydic ether selected from the group consisting of 


f5 


30 


33 


0 

wherein x is 2 to about 9. and a second cyclic ether selected from the group consisting of 

R 

(CH 2 ) y 

3 

wherein y is I to about 9 and R is a d to C« aikyl group. 

The invention also relates to a slow release drug delivery sy* -m comprising a drug, preferably bovine 
somatotropin (bST) and an ABA or AB block polymer wherein the (B) block is a poly(alkylene oxide) and 
the blocks (A) are comprised of degradable random copolymers of (1) the cyclic ester of an alpha-hydroxy 
add and (2) a second cyclic ester monomer with the proviso that the second cyclic ester monomer is not 
the same as the first cyclic ester. A preferred polymer is one wherein the first cydic ester of the alpha- 
hydroxy acid of the block polymer is glycolide and the second cyclic ester monomer is trimethylene 
carbonate. 

The poly(aikylene oxide) concentration in the block polymer is within the range of about 4 to about 54 
weight percent ol the block polymer and preferably about 4 to about 30 weight percent and the ratio of 
glycolide to trimethylene carbonate is within a range of about 45 weight percent glycolide arid about 55 
weight percent trimethylene carbonate to about 68 weight percent glycolide and about 32 weight percent 
trimethylene carbonate. The average molecular weight of the B component. poly(aikylene oxide), is with in a 
range of about 5000 to about 20.000. 


0 e scrip uo n of the Invention 

The AB block porymer is a first block copolymer comprising a polyalkylene oxide and a second block 
consisting essentiaJly of glycolic acid ester and trimethylene carbonate linkages. In one embodiment, the 
polyalkylene oxide block is from 5 to 25 percent by weight of the copolymer. In another embodiment, the 
number average molecular weight of the polyalkylene oxide block is from about 4.000 to 30.000. In yet 
another embodiment, the polyalkylene oxide block is derived from a polyalkylene oxide terminated on one 
end by a C» to C« aikyl group and on the other end by a hydroxyl group. 
50 In a specific embodiment of any of the above embodiments, the polyalkyl ne oxide block is denved 
from a homopolymer of ethylene oxide.. In another sp cific embodiment of any of th above, the 
polyalkylene xid blcck is deriv d from a block or random copolymer of ethylene oxide and a cyclic ether. 
In a more soecific embodiment, the cyclic ether is selected from the group consisting of 
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or 


10 


15 



wherein x la 2 to about 9. y is 1 to about 9 and R is a Ci to C« aikyl group. 

In yet another specific embodiment the polyaikylene oxide block is derived from a block or random 
copolymer of a first cycilc ether selected from the group consisting of 


20 

(CH,) V - CH 


33 

wherein x is 2 to about 9. and a second cycilc ether selected from the group consisting of 


35 


(CT 2 ) y -,CH 



wherein y is r to about 9 and R is a C» to C« aikyl group. 

In a more specific embodiment {to the above specific embodiments), a bioabscrbabie di block 
copolymer has been invented. The inherent viscosity of the copolymer, as measured at 30*C for a 0.5% 
(w/v) solution in chloroform or methylene chloride, is 0.25 to about 1.50 dUg. 

In the triblock copolymer, the middle block is obtained by removing both terminal hydroxyl hydrogens 
either formV 

cyclic ether. In one embodiment, the cyclic ether is selected from the group consisting of 
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wherein x is 2 to about 9. y is 1 to aocvt 9 and fl is a Ci to C* alkyl group. 

Funfier. an alternative triblock ccooiymer has been invented. The mfcdle block is obtained by removing 
both terminal hydroxy! hydrogens from a block or random copolymer of a first cyclic ether selected from 
the group consisting of 



wherein x is 2 to about 9. and a second cyclic ether selected from the group consisting of 


15 


R 

(C? 2 ) y -,CH 


20 


75 


00 


35 


40 


45 


SO 


wherein y is 1 to about 9 and R Is a Ci to C« alkyl group. 

In a runner embodiment of any of the above embodiments, each end block of the triblock copolymer 
consists essentially of glycollc acid esters and trimethylene carbonate linkages. In a specific embodiment, 
the middle block is from 5 to 25 percent by weight of the copolymer. In a more specific embodiment the 
number average molecular weight of the middle block is from about 4,000 to 30.000. 

In a most specific embodiment (to the above specific embodiments), a bioabsorbable triblock 
copolymer has been invented. The inherent viscosity of the copolymer, as measured at 30'C for a 0.5% 
(w/v) solution in chloroform or methylene chloride, is 0.25 to about 1.50 dt/g. 

In an aqueous environment the thermoplastic hydrogels consisting of ABA or AB block polymers will 
swell to a predetermined equilibrium vaJue and will release a wide variety of low and high molecular weight 
(>1000) biologically active materials, in addition, the materials are capable of being completely degraded 
and eliminated from the body over a period of time. A particui* -advantage of these materials is their 
thermoplastic nature; that is. they can be processed by conventional solution or thermal techniques. 

Recently, there has been interest in using hydrogels in a wide variety of biomedical (including 
veterinary) aoplications such as contact lenses, bum dressings, blood and tissue compatible implants, and 
drug delivery devices. In the area of controlled drug delivery devices. cross-Jinked hydrogel materials have 
met with great success. However, these materials suffer drawbacks, such as a lack of processibiitty. which 
are a consequence of their cross-linked nature. 

Our approach to this problem was to investigate- the use of ABA and AB block copolymers as 
thermoplastic degradable hydrogels. In these block polymers, the (8) block is a water soluble polymer such 
as a poly(aikylene oxide) and the blocks (A) are comprised of degradable random copolymers of grycollde 
(Gly) and trimethylene carbonate (TMC). The middle and end blocks of the block copolymer are chemically 
incompatible and the result is a phase separated system with crystalline alkylene oxide regions dispersed 
throughout the Gly/TMC matrix. When exposed to an aqueous environment, the block copolymer segments 
pick uo an amount of water which is a function of the composition and molecular weight of the various block 
structures. In addition, the low glass transition temperature of the random Gly/TMC blocks allows for facil 
deformation of the matrix to occur on swelling. This is necessary to accommodate the dimensional changes 
brought about by the swelling process. The poly(aikylene oxides are poly(CrC) oxides. Typically, th 
polyalkylene ox.des used as B blocks include hydroxyl ended polyethylene oxide, hydroxyl ended 
polyethylene oxide-co-propylene oxide, and the monomethyl ether of the hydroxyl ended polyethylene 
oxide. 

Slow release drug delivery systems of the invention may be used as implants or parenteral susoensions 
prepared from pnarmac utically and onarmacol gically acceotaole liquid vehicle 
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Polymerizarcn Method 

The method of choice for preparing tft above block copolymers including tn ASA triblock copolymers 
is tne mart phase ring-opening cc polymerization of glycoiide and trimethylen carbonate using specially 
purified, commercially available difunctional poly(ethylene gtycols) as initiators. These polymerizations ar 
conduced in a stirred reactor at 185*C under nitrogen. When maximum melt viscosity has been reached, 
the polymer is discharged and allowed to cool to room temperature. The polymers can be purified by 
repreciprtaticn for methylene chloride solutions into methanol or ethanol. 


Determination of Water Uptake 

Samples of the above polymers are extruded at 60 # -100*C on an extruder to yield fibers of 1.5 mm 
average diameter. The fibers are then cut into -1* lengths and several are placed in detonlzed water at 
room temperature. At various time intervals, the fibers are withdrawn, wiped thoroughly to remove any 
surface liquid, and the water uptake is measured gravimetricaliy. Alternatively, the uptake can be measured 
with thin films (0.6 mm) prepared by compression molding the polymer at 90 # C, or by casting thin films of 
the polymer from solution. 


Fabrication Methods 


A. Solution Casting 


A solution of polymer (20-50% w/v) is prepared in an appropriate tow boiling solvent such as m ethyle ne 
chloride. A biologically active material that is insoluble in methylene chloride, such as bovine somatotropin 
(bST), is added with rapid stirring to form a viscous slurry. The proportions are chosen so that the active 
material is 1-75% of the weight of the final dry device. The slurry is then poured Into a mold which has 
been pre-ccoled to -78 # C. After approximately 15 minutes, the frozen slab is placed in a freezer for 3-* 
days to aJIcw most of the solvent to evaporate. Final drying of the solution cast disk is accomplished In a 
vacuum oven at room temperature. The disk can be cut into squares or. in the preferred method, 
cryogenically ground through a 20 mesh screen to give particlb. *hich are capable of being injected or 
implanted. 

B. Coextrusion 

The above polymers and a biologically active material are coextruded at 60-11 5 # C on a laboratory 
scale extruder. The ratio of active material is chosen to be 1-50% w/w but is preferably 25-50% w/w.Th 
1.5 mm diameter fibers can be cut into lengths or cryogenically ground through a 20 mesh screen to give^ 
particles which are capable of being injected, or the fiber can be directly implanted. 


In Vitro Release Measurements 

A sample (0.5-2.5 g) of polymer which had been loaded with a biologically active material such as bST 
is placed into a polypropylene dissolution tube. To simulate physiological conditions. 30 ml of phosphate 
buffered saline at cH » 7.4 is added and the tube is capped. The dissolution tube is then rotated at 3-7 
rpm in a water bath at 37 *C. Periodically, an aliquot of solution is removed and replaced by fresh buffered 
saline The aliquot is then analyzed for total protein content by using a biuret assay. The protein copper 
complex .s measured spectrophotometrically at 540 nm and is compared to a calibration curve constructed 
with known amounts of an identical protein. In the preferred method, the entire buffer solution is decanted 
daily from th dissolution tub and replaced by 30 ml of fresh buffer solution. An aliquot of the decant d 
buffer solution ts then analyzed by the biuret assay method as above. 
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In Vivo R lease Measurements 

Polymer wnich contains bST is ground through a 20 mesh screen and suspended in soybean oil. Six 
hypophyseccmized (hypox) rats are injected with the polymer containing the bST. The amount injected .s 
adjusted so thai each animal receives 800 ug of bST. In addition, there are two control groups of six hypox 
rats. The first group (positive control) each receives 80 ug of bST in buffer daily for 10 days {800 ug total). 
The second control group receives daiiy injections of aqueous buffer (negative control). The average weight 
gains of the 3 groups are then measured over a 10-day period. 

The above embodiments are more fully described in the following examples. 


Example 1 


Purification of Materials 


OL-lactide- OL-lactide was purchased from Purac. Inc. One kilogram of DL-lactide ia refluxed for 11/2 
hours with toluene (1500 g) which has been dried by distillation from benzophenone ketyl. The residual 
water is removed from the OL-lactide by collection of the toluene/water azeotrope in a Dean-Stark trap. The 
dry OL-lactide solution is allowed to cool to room temperature and placed in the refrigerator overnight The 
crystallized OL-lactide is then quickly filtered and dried In a vacuum oven at room temperature. Recrystal- 
lization yield is 84%. j . _ 

Polyethylene GlycoW.000: Polyethylene glycol-8.000 (PEG 8.000) (180 g) is dissolved in methanol 
(1600ml). The PEG solution Is then freed of catalyst impurities and deionized by slowly passing the solution 
through a methanol conditioned indicating mixed bed anionic and cationic ion-exchange resin (Amberilte 
MB-3. Rohm and Haas Company. PA. USA). After elution from the column, the PEG Is crystallized by 
placing the solution in a freezer overnight The crystalline PEG is then filtered and air dried for 2 hours. The 
PEG is further purified by recrystalllzation from acetone (1600 ml). The recrystalllzed PEG is Altered and 
dried in a vacuum oven at room temperature overnight Prior to polymerization, the desired amount* 
purified PEG is dried further by heating in a vacuum oven at 70'C with PjOs as a desiccant PEG-14.000 
and PEG-20.000 are purified in the same way. _ 

Pluronic F38: Pluronic F68 was purified by the same technique as described for PEG above but without 
the acetone recrystailization stop. The methanol recrystalllzed F. onic F68 was filtered and dned in a 
vacuum oven at room temperature. Prior to polymerization, the Pluronic F68 was further dried by heating in 
a vacuum oven at 70'C with PsOs as a desiccant. 

Pluronic P105: Pluronic P10S was purified by the same method described for PEG above. The polymer 
was recovered from the methanol solution using a rotary evaporator. Residual methanol was removed by 
drying in vacuum to constant weight The material was not recrystalllzed from acetone. Prior to polymenza- 
Hon the Pluronic P105 was dried further by heating in a vacuum oven at SO'G with PjOs as a desiccant^ 

Polyethylene Glycol Methyl Ether: Polyethylene glycol methyl ether, nominal molecular weight 5000. 
was purified in the same way as described for PEG above. 


Example 2 

Synthesis of (GlvmdCHPEO 1 4.000HGIv/TMC) ABA Tripjgck Copolymer (Gly/PEQ/TMC: 34M1/2S) 

A 250 ml flask is charged with PEG-14000 (50 g. 0.0036 mole). The Mask is placed in a vacuum oven 
and the PEG is dr.ed overnight under vacuum at 70'C with PjO* as a dry.ng agent. The flask is then placed 
m a glove bag under N,. Glycolide (25.0 g. 0.21 mole) and tnmethylene carbonate (25.0 g. 0.24 mole) are 
charged to the flask and the contents are melted and m.xed under N,. The monomer m.xture is then qu.ckly 
transferred .mo a stirred reactor wh.cn has been heated under a nitrogen How at 165'C. Stannous octoate 
(0 16 ml 4 9 « 10- mole) .s then qu.ckly charged t the reactor w.tn th us ol a syr.nge. Th polymer 
melt -s st.rred at 40 rpm for approx.mately 3. hours at 165'C. Th.s t.me per. d corresponds to a maximum 
,n the melt vscos.ty. Th polymer is discharged from the reactor and allow d to cool to room temperature. 
A portion ol me crude polymer (42.8 g) -s dissolved .n CH,CI, (250 ml) and reprecip.tat d dr pw.se .mo 
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rapidly stirred absolute ethanol (3000 ml). After filtration and drying to constant weight the re precipitation 
yield was determined to be 96%. The inherent viscosity of the polymer (0.5%. -~ CHCb at 30 # C was 0.38 
dL/g. The composition was analyzed by 'H-NMR and was found to be 34/41/25 weight percent 
Gly/PEO/TMC. The Tg of the porymer was 11 # C. the melting point (Tm) was 59*C. 


Examples 3*14 

Several polymers were prepared as in Example 2 with varying PEG contents and PEG molecular 
;o weights (Table I). In many of the Gly/PEO/TMC triblocx copolymers, the charged ratio of Gly/TMC is 80/40 
weight percent This allows for maximum Tg of the rubbery end blocks (9*C) while still maintaining 
solubility in common organic solvents. Differential scanning caJorimetry (DSC) clearly shows phase separa- 
tion in these materials. The Tg of the rubbery end blocks (7'-16 # C) is very close to the Tg of a 60/40 
random Gly/TMC polymer. In addition, the Tm of the crystalline PEO segments are only lowered 5*-10 # C. 


Example 15 


Synthesis of (Glv/TMCHPEO-8000HGlv/TrV1C) ABA. (Gly/PEO/TMC) 59/8/35 

Glycollde (117.0 g. 1.01 mole), trimethylene carbonate (71.0 g, 0.70 mole). PEG-6000 (12.0 g) and 
stannous octoate (0.33 ml 1.0 * 10" 3 mole) were combined in a stirred reactor as In Example 2. The 
reaction mixture was then stirred at 169- C and 38-40 rpm for 1.5 hours. The porymer was recovered as in 
Example 2. The properties of this polymer are summarized in Table I. 


Example 16 

Synthesis of (Glv/TMCHPgQ^XX)H31v/TMC) ABA (Gly/PEO/TMC: 54/8/38) 

Glycollde (110.4 g. 0.95 moles), trimethylene carbonate (73.8 g. 0.72 moles). PEG-6000 (18.0 g) and 
stannous octoate (0.32 ml. 9.96 * 10~* moles) were combined and allowed to polymerize as in Example 15. 
The properties of this polymer as summarized in Table I. 


39 

Example 17 


Synthesis of (Glv/TMCHPEO*8000>-Gly/TMC) ABA. (Glv/PEQ/TMC; 54/10738 

Glycollde (108.0 g. 0.93 moles), trimethylene carbonate (72.0 g. 0.71 moles). PEG-8000 (20.0 g) and 
stannous octoate (0.32 ml. 9.96 * 10" moles) were combined and allowed to polymerize as in Example 15. 
The properties of this material are summarized in Table I. 
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Example 18 

Synthesis of (Glv/dM,actHPEQ-«XX)WGlY/g^L3Ct) ABA. (Gly/dHact/PEO: 36/54/10) 


Glycctide {54.0 g. 0.46 moles). dHarfde (81.0 g. 0.56 moles), PEG-8000 (15.0 g) and stannous ccxate 
(0.32ml. 9.96 x 10~ 4 moles) were combined and allowed to polymerize as In Example 2. The properties of 
to this polymer are summarized in Table II. 


Example 19 


T5 Synthesis of (Glv/1-LactHPEOflQ00HGiv/l>Uct) ABA: (Gly/1-Lact/PEO: 27/65/31 

Glycollde (53-2 g. 0.48 moles). 1-tectide (130.8 g. 0.91 moles). pEG-8000 (16.0 g) and stannous octoate 
(0.05 ml. 1.56 x 10- 4 moles) are combined and allowed to polymerize by the procedure described in 
Example 15. The properties of this polymer are summarized in Table ll. 


Examote 20 


Synthesis of (l-Lact/TMCHPEO-6^ ABA. (1-Uct/TMC/PEO: 43/46/8) 

1-Lactide (88.0 g. 0.61 moles), trimethytene carbonate (96.0 g. 0.94 motes). PEG-8000 (16.0 g) and 
stannous octoate (0.31 ml, 9.74 * 10 W moles) are combined and allowed to polymerize by the procedure 
described In Example 15. The properties of this polymer are summarized in Table II. 

Example 21 

Synthesis of (Glv/dl-UctHPgQ-^C-QOO^G'v/dl-Uct) ASA.fGlv/dl-Ucvr wO: ?1/2S/54) 

dl-lactide (25.0 g. 0.17 moles), glycollde (25.0 g. 0.21 moles). PEG 20.000 (50.0 g) and stannous 
octoate (0.18 ml. 4.94 x 10" 4 moles) are combined and allowed to polymerize by the procedure described 
in Example 2. The properties of this polymer are described in Table II. 
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Example 22 

s 

Swelling Behavior of Exam o tea 3. 4 and 2 1 

A film was prepared by solution casting a 20% w/v solution of the polymer of Example 3 in OfeCSj. 
After ttie solvent had evaporated overnight the film was dried further under vacuum at room temperature 
to overnight Rims made from the polymers of Example 3. 4 and 21 were placed in water at 37*C with stirring. 
After 24 hours, films from Example 3 and Example 4 had formed emulsions. By day 3, the film from 
Example 21 had also formed an emulsion. 

rs Example 23 

Swelling Behavior of Example 7 (Gly/PEO/TMC: 44/29/27) 

A sample of the polymer from Example 7 (1.5 g) was extruded at 110*C on an extruder to yield a 1.5 
ao mm diameter fiber. From the fiber 5 samples. lengths each approximately 1 * were cut The samples were 
placed in deionized water at room temperature. Periodically, the samples were withdrawn, wiped dry. and 
the water uptake measured gravimetrfcally. The water uptake is shown In Table 111. From the values at 1280 
min.. the equilibrium water uptake for fibers was calculated to be 232 £ 3%. 

The same type of water uptake analysis was performed on 4 samples of films of the pcryrner of 
23 Example 7 (12 x 4 * 0.6 mm). The results are shown in Table III. The shorter time to reach an equilibrium 
value of water uptake in the films is attributable to the greater surface-to-volume ratk) in the films. 
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223.3 
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235.5 
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Examole 24 


*5 


Swelling of Various Hydroqels 

Water uptake experiments were carried out on fibers of several Gly/PEO/TMC hydrogels and on 
Gly/dl-Lactide/PEO hydrogel fTable IV). Measurements were carried out at room temperature in deiomzed 
water. All reported equilibrium uptake values are averages of 4 or 5 samples. 
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Several gerieraAzstlons about the data in Table (V can be made. The dm to .--JacJi an equilibrium value 
of water uptake depends on the shape of the sample (Example 7 fiber vs. film), it would also appear that the 
«m to reach an equilibrium value of water uptake decreases as the PEO content increases. 

Within the scatter in the data, equilibrium water uptake is linearty related to the PEO content in the 
ranee 5-30%. There is no noticeable effect of the MW of the PEO block on the swelling of these tnbtock 
polymers (within the range of PEO MW 8.000-20.000). 

One important difference noted in Table IV is the contrast of Example 10 (Gly/PEO/TMC) with Example 
18 (Gly/PEO/dKactide). Both nave approximately the same percent of PEO 8.000: however, a re- 
precipitated sample of Example 10 had an equilibrium water content of 124% (Teg 1 day) vs. 9.9% by day 
13 for a repreciprtated sample of Example 18. The difference can be rationalized by looking at th 
'difference* of the two matrices. In the case of the sample of Example 10 the rubbery Gly/TMC [™™* 
free to deform to accommodate the dimensional changes caused by the swelling. In Example 18 however 
the Gly/dl-Lactlde matrix is in a glassy state. This should result in a slower water uptake curve (note that at 
13 days equilibrium has not been reached) until the Gly/dl-Uctlde matrix is sufficiently plastidzed by water. 
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Synthesis of (Gly/TMC) fPluronic F881 (Gly/TMC) ABA (Glv/Pluronlc rWTMC: 56/8/36) MuWblock 
Copolymer 

Pluronic F88 (BASF Wyandotte. USA) is a triblock copolymer of polyethylene oxide) (PEO) (80 mol 
%) and polypropylene oxide) (PPO) (20 mole %) where PPO (orms the middle block and the total 
molecular weight is about 8*00. Like PEO. this copolymer is terminated with hydroxy! groups which can Be 
used as an initiator for the ring opening polymerization of cyclic esters. 

Glycolide (82.8 g). trimethylene carbonate (55.2 g) Pluronic F68 (12.0 g) and stannous octoate (0-242 
ml), where combined in a stirred reactor as in Example 2. The reaction mixture was then stirred at 185 C 
and 40 rpm for 1.5 hours. The polymer was recovered as in Example 2 and then characterized as fellows: 

,lnh (CHCb):0.40: Composition: 58/8/36 ('H-NMR): Tg:U'C: Tm *2«C. 


Examole 28 


■ Synthesis of (Glv/TMO fPluronic P105J (Glv/TMC) ABA (Glv/Pluronic PiOfrTMC: 56/9/35) Multiblock 
Copolymer 

Pluronic Pi 05 (BASF Wyandotte. USA) is triblock copolymer of polyethylene cxide) (PEO) (50 mole 
%) and polypropylene oxide) (PPO) (50 mole %) where PPO forms the middle block and me total 
molecular weight is about 6500. Like PEO. this copolymer is terminated with hydroxyl groups wh.ch can be 
used as an initiator for the ring opening polymerization of cyclic esters. 

Glycolide (54 g). ^methylene carbonate (38 g) Pluronic F38 (10.0 g) and stannous octoate (0. 9 ml^ 
where combined in a stirred reactor as in Example 2. The reartcn mixture was then stirred at 165 C and 
40 rpm lor 1.5 hours. The polymer was recovered as .n Example 2 and then cnaractenzed as follows: 

,lnn (CHCIj):0.35: Composition: 56/9/35 ('H-NMR). 


Examole 27 

Synthesis ol fPEOWGIy/TMC) AB (Glv/PEQ/TMC: S7/6/37) Oiblgck Copolymer 

Polvl thylene glycol) methyl tner (PEO-50001 was purchased from Aldricn Chemical Company The 
mo. clr wll was reported to be 5000. This polymer ,s lermmated by ne hydr ,yl group and one 
melhy" ether group. On.y one end o« th.s .molecule, there.or . can be used .o initiate the nng opening 
polymerization ol cyclic esters, lorm.ng an AB dibiock copolymer 
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Glycollde (84.6 g). trim thylene carbonate (54.4 g) PEO 5000 (10.0 g) and stannous octoate (0.242 ml), 
wh ra combined in a stirred reactor as in Example Z The reaction mixture wis then stirred at 165'C and 
40 rpm for 1 .5 hours. The polymer was recovered as in Example 2 and then characterized as follows: 
,lnh (CHCfe):0.42: Composition: 57/8/37 ( 1 H-NMR); Tg:12*C Tm:59*C. 


Examole 23 


In Vitro Release of Theophylline (30% w/w loaded hydrogel) 


TO 


Thecphyinne and hydrogel Example 10 [Gly/PEO 8,000/TMC (50/8/42] were mixed and extruded at 
80*C on a laboratory scale extruder. The loading of theophylline was 30% w/w. To a 2,000 ml 24/40 
erlemeyer flask. 0.2939 g of the hydrogel formulation. 882 ml of phosphate buffer (pH 6.89) and a magnetic 
stirring bar were charged. The flask was quickly placed into a 39 # C water bath and stirred was started with 
, 5 the use of a submersible water driven stir plate. A peristaltic pump was used to circulate the buffer solution 
through a flow-through UV cell and theophylline release was monitored by following the absorbance in the 
region 284-287 nm. The fractional release for the 30% loaded hydrogel Example 10 Is given in Table V. 
The release curve is typical of release from a matrix type device. Release from this type of device would be 
expected to follow a t 1 * dependence (linear with square root of time) on the release rate. When plotted 
20 versus the square root of time, release is linear up to 85-90% of the total fractional release. 
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Theophylline R tease from 2010 and 5% Loaded Hydroqef of Example 10 


Release of theophylline from hydrog I of Example 10 at 20%. 10% and 5% w/w loadings was earned 
out in the sam manner as in Example 2a For this system, th release rates were very similar f r loadings 
5 in the range of 5-20% with 100% of the theophylline released over a 13-15 hour period. 


Example 32 

to Theophylline Release from 5% Loaded Hvdroqel of Example 14 

Release of theophylline from 5% loaded hydrogel Example 14 (Gly/PEO 8.000/TMC 58/5/37) showed a 
much lower release rate as compared to hydrogel Example 10 (Table VI). This Is attributable to the 
differences in swelling behavior of the two polymers. Hydrogel Example 10 (due to its higher PEO content) 
rs reaches an equilibrium water content of 124% in 24 hours. On the other hand, hydrogel Example 14 with 
only 5% PEO picks up approximately 28% water in a 13 day period. 

TABLE VT 

20 'Theophylline Selease from 5% Loaded 

Hvdroqel Example 14 

29 Time (hrs) FgfSSnt RfllQflS3d 
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7.9 

82.15 

8.2 


Examoles 33-44 


In Vitro Release of bST at 37*C. J)H i LI 

46 — — — 

In vitro release of bST was measured for a number of hydrogel compositions (Table VII) and fabrication 
methods. The results indicate that in general. bST release rates increase as the PEO content of th 
hydrogel increases. As previously discussed, higher PEO content leads to increased equilibrium water 
uptake which should allow for faster bST diffusion through the swollen gel. Several other trends are 

50 apparent from the results in Table VII. The fabrication method greatly influences the release rates of bST 
from the hydrogels. In general, it was found that extruded fibers gave lower release /ates than solution cast 
films. The cast films contained a large number of voids and often deiammated due to the drying process. 
This gave a formulation with a mucn higher surface to volume ratio as compared to the extruded fibers. 
This high surface/volum ratio accounts for the high release after only 1 day for the solution cast films. 

55 No disc rnible differ r.ces in releas rates as a function of PEO mw could be detected. Again, this is 
expected as it previously has be n shown that, in the mw range studied. PEG mw did not influence the 
swelling behavior of the hydrog Is. Finally, it has b n demonstrated that release rates can be modified by 
blending various additives into th formulations. A blend of bST/hydrogel (Example 10) and a Gly/L-tacnde 
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(4Q/S0) porymer *inh « 0.50 (2S50/2S) was extruded. The measured In vitro release rata of the blend was 
"approximately 2/3 of the release rate for the hydrog L By Wending In a noo-twettlng GJy/l.-Jec2de porymer, 
rt serves to tower the overall PEO content and reduce the water uptake of the hydrogel. The measured 
release rates can also be I n cr ease d by blending In a water soluble filter. When sorbrtot.was added to the 
5 previously described blend, the measured release rates were greater than the parent hydrogel release rates. 
The water soluble filler is leached out Into the dissolution media leaving a more porous matrix which 
facilitates the release of the active material. 
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Example 4 § 

5 

In Vrtro Release of bST at 37*C, pH » 9.4 

Accelerated in-vitro release of bST was measured from fibers of the polymer Example 28. Polymer plus 
bST (40% loading) were extwded as in Example 33. ft was found that this formulation released bST 
io continuously over at least a,^2 hour period at pH 9.4 and 37 # C. 

Example 48 

75 In-vitro Release of bST at 37*C, pH « 9.4 

Accelerated in-vitro release of bST was measured from fibers of the polymer of Example 27. Polymer 
plus bST (40% loading) w*rT~d*truded as in Example 33. It was found that this formulation released bST 
continuously over at leas/a 22 hou\ period at pH 9.4 and 37*C. 
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Examoles 47-48 
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In Vivo Release of bST in Hypox Rats 

Based on the in vitro release curves, two formulations were tested for in vivo release of bST in hypox 
rats. The experimental details of the in vivo measurements were discussed previously. The results are 
sftown in Table VIII. Both formulations show growth in hypox rats throughout the 10 day test period. 
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TftBLS VIII 
2 $* bST T raded Ground Matricas 


40 


Ex. 
No. 
47 
43 


10 
A 


Control 


8,000 
A 


weight Gain f grams 1 


PaV3 
5.6 i 1.0 
8.8 ± 0.86 
8.6 + 1.3 


0-7 Davs 
10.0 ± 1.4 
13.8 ± 1.9 
15.8 + 1.3 


0-10 Davs 
12.3 ± 1.5 
15.6 ± 2.0 
25.5 + 1.7 


50 


A - Blend 33% [Example 10] 

67% ((Gly/lact) 40/60 OLnh - 0.50] 
B - 10 injections (80 ug/day) 


Claims 


55 


1. A diblock copolymer having a first block comprising a polyalkylene oxide and a second block 
consisting essentially of glycolic acid ester and trimethylene carbonate linkages. 

2. A diblock copolymer of Claim 1 "^JPffi W^aJkyJene oxide bl ck is from 5 to 25 percent by 
weight of the cooolym r OoUDJu^ J 
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TO 


13 


3. A dibtoc* copolymer of Claim 1 or 2 wherein th number averag m lecular weight cf tr>e 
poiyalkylene oxide biccx is from about 4,000 to 30.000. 

4. A dlblccx copolymer of Claim 4 wherein th polyaikylen o»d block is derived from a bkx* or 
random copolymer cf a first cyclic ether selected from the gmup consisting of 

0 

wnerein x is 2 to about 9. and a second cyclic ether selected from the group consisting of 



wherein y is 1 to about 9 and fl is a Ct to C* aikyl group. 

5. A tribtocx copolymer useful in non-flber form having a middle block obtained by removing both 
terminal hydroxy! hydrogens from either a homopolymer of ethylene oxide, or from a block or random 
copolymer of ethylene oxide and a cyclic ether. 

8. A slow retotte drug deiivery system comprising 

a drug and 

an ABA or AS block polymer wherein the (B) block is a poty(alkylene oxide) and the blocks (A) are 
comprised of degradable random copolymers of (1) the cyclic ester of an alpha-hydroxy acid and (2) a 
second cyclic ester monomer with the proviso that the second cyclic ester monomer is not the same as the 

first cyclic ester. . 

7. A drug delivery system according to Claim 6 wherein the polymer is a ABA block polymer, and the 
first cyclic ester is glycefide and the second cyclic ester monomer is trimethylene carbonate. 

a A drug deliver system according to Claim 7 wherein * 8 olock is polyethylene oxide or 
polyethylene oxide-co-propylene oxide. 

9 A drug delivery system according to Claim 7 wherein the drug is bovine somatotropin or theophylline 
and the poly(ethylene oxide) comprises from about 4 to about 54 weight % of the ABA polymer and the 
average molecular weight of the poly(ethylene oxide) is within a range of 6.000-25.000. 

10. A drug delivery system according to Claim 8 wherein the polymer is an AB block polymer and the 
ftr3t gyciic ^ i8 giycolkje and the second cyclic ester monomer is trimethylene carbonate. 
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